Our work on the biosynthesis of oligo-and polysaccharides started about in 1946 not by a deliberate selection of the subject but because it came to us. Due to the phenomenal progress of biochemistry our initial experiments seem to belong to the Paleolithic period but fortunately there are also some very recent and exciting advances in the field.
(I)
We soon found that a thermostable factor was required and set out to isolate it in collaboration with C. E. Cardini and A. C. Paladini.
At the time things were not so easy because we did not have the powerful methods which we have nowadays and because we were working under rather poor conditions.
The results of our experiments were very confusing because we did not know that we were dealing with two thermostable factors. Finally we realized what was happening and we concentrated on the purification of the factor involved in the second reaction. That is in the phosphoglucomutase reaction.
We sent a letter to the editors of Archives of Biochemistry (Caputto, Leloir, Trucco, Cardini and Paladini 10 , 1948) describing a new cofactor and mentioned that Kendall and Strickland 29 (1938) had previously described an activation by fructose 1,6-diphosphate but that our cofactor was different. After we had sent the manuscript we happened to test again fructose 1,6-diphosphate and obtained a strong activation. Furthermore our purified preparations were loaded with fructose 1,6-phosphate. We had decided to ask the letter back but as a consequence of much worrying we struck on the idea that the activator might be glucose 1,6-diphosphate. Since the latter compound has the reducing group blocked we reasoned that it should be alkali-stable. Strangely enough everything turned out as expected. If it had not been for this mistake we might still be talking of the allosteric effect of fructose 1,6-diphosphate on phosphoglucomutase.
When we finished working with glucose 1,6-diphosphate we continued with the other cofactor. The concentrates were found to absorb light at 260 m,u and had a spectrum similar to that of adenosine but with some differences. At the time the only soluble nucleotides known to be present in tissues were the inosine and adenosine nucleotides. It was an exciting day when Caputto came in one morning with a Journal of Biological Chemistry which showed the absorption spectrum of uridine. It looked identical to that of our cofactor. After measuring glucose and phosphate content and doing a titration curve the structure shown in Fig. 1 9 ,1950 ). This first sugar nucleotide was named uridine diphosphate glucose: UDPG. Its structure was confirmed by synthesis some five years later by Todd and coworkers in Cambridge. The mechanism by which UDP-glucose acts as a cofactor in the galactose 1-phosphate -+ glucose 1-phosphate transformation became OH OH Fig. 1 . Uridine diphosphate glucose (UDPG).
understandable when it was found that on incubation with yeast extracts part of the UDP-glucose was transformed into UDP-galactose (Leloir 31 , 1951) . After this we wrote the equations as follows : Galactose 1-phosphate + UDP-glucose* glucose I-phosphate + UDP-galactose (2) the names of uridylyl transferase and 4-epimerase for the enzymes corresponding to reaction 2 and 3 respectively.
After we found that yeast which was not adapted to galactose contained a lot of UDP-glucose we concluded that UDP-glucose should have some other function besides being a cofactor of galactose metabolism. I don't know if the reasoning was quite right but the facts were. For some years it was a joke in the laboratory because we were always asking: "What's the use of UDPglucose?"
Since we had a method for estimating UDP-glucose with the galactose 1-phosphate Š glucose 6-phosphate reaction, we began to measure UDPglucose disappearance in different extracts and under different conditions. With yeast extracts it was observed that addition of glucose 6-phosphate increased UDP-glucose disappearance and finally this was found to be due to the formation of trehalose phosphate, a substance which had been isolated from yeast many years before by Robison and Morgan 50 (1930) . The reaction is as follows: (5) This work which was carried out with Cabib (Leloir and Cabib 34 , 1953), described the first case in which UDP-glucose was found to act as a glucose donor. Such a role had been suggested by Buchanan et al. 4 (1952) , and by Kalckar 26 (1954).
Once we had found one transfer reaction we were soon able to detect another one using wheat germ extracts. Actually we found two enzymes, one which gave rise to the formation of sucrose (Cardini, Leloir and Chiriboga 11 , 1955 ) and another which gave sucrose phosphate (Leloir and Cardini 35 , 1955) as follows:
This was a rather interesting finding because it explained the mechanism of sucrose synthesis in plants.
Another novel result of that period was the isolation of UDP-N-acetylglucosamine (Cabib, Leloir and Cardini 8 , 1953 ). This substance was first detected as an impurity of UDP-glucose concentrates and we used to call it UDP-X until we were able to identify the sugar moiety as N-acetylglucosamine. It is now known to be involved in the biosynthesis of bacterial cell walls and mucoproteins.
Other members of the sugar nucleotide family were isolated in our labora- Neufeld and Hassid 16,17 , 1958, 1959) .
A transfer from UDP-glucose to cellulose was also described by Glaser 20 (1957) working with Acetobacter xylinum which is a cellulose forming bacterium. Later it was found that the donor for cellulose formation in plants is 
In this equation G n represents a glucogen molecule and G n+1 the same after addition of a glucosyl residue joined a -1,4.
The search for this enzyme glycogen synthetase or transferase was stimulated by reading a book by Herman Niemeyer 41 (1955) and its detection was a r a t h e r i n t e r e s t i n g f i n d i n g s i n c e u n t i l t h e n t h e s y n t h e s i s o f g l y c o g e n w a s believed to occur by reversal of the phosphorylase reaction (reaction 9):
The same enzyme was thought to be involved in synthesis and in degradation.
Another finding of considerable interest was that glucose 6-phosphate acts as an activator of glucogen synthetase.
Many years before, the Cori's had found that muscle phosphorylase has A logical extension of our work on glycogen was to investigate the formation of starch in plants. Enzymes were found which catalyzed the transfer of radioactivity from UDP-glucose labelled in the glucose moiety to starch ( F e k e t e , L e l o i r a n d C a r d i n i 1 8 , 1 9 6 0 ; L e l o i r , F e k e t e a n d C a r d i n i 3 7 , 1 9 6 1 ) .
Studies on the specificity of the enzyme using synthetic nucleorides showed t h a t A D P -g l u c o s e w a s u s e d a b o u t t e n t i m e s f a s t e r ( R e c o n d o a n d L e l o t i 4 9 , 1961 ). This led to a search for ADP-glucose in natural sources which resulted in its isolation from corn (Recondo, Dankert and Leloir 48 , 1963 ). An enzyme which can synthesize ADP-glucose was found by Espada 15 (1962) .
Since then a lot of work has been done on the subject by several workers particularly by Carlos Cardini, Rosalia Frydman, Jack Preiss, T. Akazawa and others.
In Euglena the reserve polysaccharide is a /?-1,3-linked glucan usually called paramylon. Its synthesis was studied by Goldernberg and Marechal 23 (1963) who found that it is formed from UDP-glucose.
Many more transfer reactions have been described so that the search was becoming monotonous.
From the data reported it may be concluded that most of the di-, oligo-and polysaccharides which occur in Nature in an amazing variety are synthesized The difference with the previously mentioned cases is that in the first reaction (20) the sugar without the phosphate is transferred so that no pyrophosphate is formed.
While all this work was going on, Dankert who had been working with Robbin's group returned to Buenos Aires and transmitted to us his enthusiasm for polyprenols.
A group working at the University of Liverpool formed by Morton, Hemming and others has studied carefully the different polyprenols found in nature. The general formula is shown in Fig. 3 .
Many different types of compounds were detected which differ in the number n of isoprene residues, in the amount of cis or trans double bonds and also in that some of the double bonds may be saturated.
The compound isolated from animal tissues was named dolichol. In this substance the number of isoprene units is around 20 (it can vary from 16 to 23), and two of the double bonds are trans. Furthermore the double bond nearest to the alcohol group is saturated. Many other compounds were isolated from different sources (see Hemming 24, 1969 ).
With N.Behrens (Behrens and Leloir 2 , 1970) we have studied a process occurring in liver in which it turned out that a phosphate of dolichol is involved. The reactions may be written as follows:
In these equations DMP stands for dolichol monophosphate and E for an endogenous acceptor believed to be a protein.
The studies were carried out by incubating liver microsomes with radioactive UDP-glucose. It was found that a product soluble in organic solvents was formed. Further work showed that reaction 22 could be carried out so as to measure the lipid acceptor (DMP in eqn. 22). This allowed a purification process to be developed. The concentrates obtained gave infrared spectra having similarities with polyprenols. The compound had acidic character and was relatively stable to acid and alkali. It differed from undecaprenol phosphate in that the latter is acid-labile. It was reasoned that this difference could be due to the fact that in undecaprenol there is a double bond near the phosphate which is not present in dolichol. With this idea in mind the identification of our lipid acceptor was approached from another angle. Dolichol was prepared from liver (Burgos, Hemming, Pennok and Mortons, 1963), phosphorylated chemically and the product tested for activity as lipid acceptor.
The synthetic compound turned out to be identical, in all the properties tested, to that obtained from natural sources. For this reason we refer to it as dolichol monophosphate.
As to the glucosylated compound (DMP-glucose) it was found to be very labile to acid and to be decomposed by alkali giving 1,6-anhydroglucosan.
The following reaction (23) could be studied independently from the first by using DMP-glucose prepared in a preliminary run. The optimal conditions for activity were determined. This step (reaction 23) does not require any cation in contrast to reaction 22 in which Mg 2+ ions are necessary.
Detergents are required in both steps.
The product formed from DMP-glucose indicated as glucose-E in eqn. 23 appears to be a glucosylated protein but work has just started on this point.
There are very few glucose containing proteins. One of them is collagen which contains glucosyl, glactosyl hydroxylysine residues. However, the compound formed with liver microsomes seems to be clearly different from collagen. The last reaction (eqn. 24) has not been studied in any detail and could be brought by some of the glucosidases known to be present in liver.
The possibility that the glucosylation of ceramide, which is the first step in the formation of gangliosides, might be mediated by DMP-glucose has been investigated with results that are not quite conclusive but indicate that DMPglucose is not involved.
Other sugar nucleotides have been tested and it was found that UDP-N- 
